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Sorghum and p e a r l  millet g r a i n s  have t h e  p o t e n t i a l  t o  b e  u t i l i z e d  as 
n o v e l  f o o d s  a s  well a s  t r a d i t i o n a l  foods .  F o r  n o v e l  u s e ,  t h e  q u a l i t y  o f  
g r a i n s  needs improvement through processing and s e l e c t i o n  o f  g r a i n  types  
for s p e c i f i c  end p r o d u c t s .  G r a i n s  c a n  b e  d e h u l l e d  t o  remove t h e  c o a r s e ,  
f i b r o u s  o u t e r  c o a t  and m i l l e d  t o  make them more a p p e a l i n g  t o  consumers .  
Most of t h e  sorghum and p e a r l  mi l le t  c u r r e n t l y  produced i n  t h e  w o r l d  is 
used  f o r  human c o n s u m p t i o n .  P r o d u c t i o n  i n  some c o u n t r i e s  h a s  i n c r e a s e d  
beyond c u r r e n t  food needs, and it is thus  impor tan t  t o  exp lore  a l t e r n a t i v e  
evehues for u t i l i z a t i o n  a s  food preferences  o f  consumers cbange. 
----------I----d--I---------------------------------------------------- 
'paper presented a t  t h e  Symposium on Sorghum and Millet, 26-27 Hay 1988, 
Lausanne,  S w i t z e r l a n d .  S u b m i t t e d  a s  C.P. No. 482 by t h e  I n t e r n a t i o n a l  
Crops  R e s e a r c h  I n s t i t u t e  for t h e  Semi-Arid T r o p i c s ,  P a t a n c h e r u ,  Andhra 
Pradesh, India .  
2 ~ n t e r n a t i o n a l  C r o p s  R e s e a r c h  I n s t i t u t e  f o r  t h e  Semi -Arid T r o p i c s  
(ICRISAT), Patancheru,  Andhra Pradesh 502 324, India .  
I m p o r t a n t  among ex t ruded  an6 sun-d r i ed  p r o d u c t s  t r a d i t i o n a l l y  made i n  
I n d i a  from s o r g h u r  and  p e a r l  mi l l e t  a r e  p a ~ a d ,  W, a n d  k u r d i n a i ;  t h e y  
* 
h a v e  s h e l f  l i f e  o f  o v e r  1 y e a r .  P r o c e s s i n g  t e c h n o l o g y  may need  t o  be 
r e f i n e d  for t h e s e  products .  Sorghum and p e a r l  m i l l e t  c u l t i v a r s  y i e l d i n g  
f i n e  f l o u r  w i t :  low s t a r c h  damage a r e  needed for b l e n d i n g  w i t h  wheat  f l o u r  
i n  bake ry  p roduc t s .  C u l t i v a r s  w i t h  h igh  p r o t e i n  (>14.05) and h i g h  l y s i n e  
(>3.0%) c o n t e n t s  i n  g r a i n s  c a n  be u s e d  for b a b y  f o o d s .  However ,  improved  
p r o t e i n  q u a l i t y  r ema ins  t o  be  i n c o r p o r a t e d  i n t o  c u l t i v a r s  w i t h  a h igh  y i e l d  
p o t e n t i a l .  The  s c o p e  e r i s t s  for  i n c r e a s e d  i n d u s t r i a l  u s e s  o f  so rghum i n  
s t a r c h  p roduc t ion ,  brewing,  and a n i m a l  f eeds .  
Sorghum (m bicolor (L.) Hoench) and  p e a r l  mi l le t  (-seturn 
p l a u c u ~  (I-'.) R. Br.) p r o d u c t i o n  h a s  i n c r e a s e d  i n  s e v e r a l  c o u n t r i e s  d u r i n g  
t h e  p a s t  f e w  y e a r s  (FA0 1985). T h e r e  h a s  been a  s t e a d y  i n c r e a s e  i n  t h e  
a d o p t i o n  of h i g h - y i e l d i n g  v a r i e t i e s  (HYVs) and new h y b r i d s  o f  t h e s e  
c e r e a l s .  Sorghum is h i g h l y  r e g a r d e d  a s  e food  g r a i n  i n  r u r a l  A f r i c a ,  b u t  
it h a s  n o t  w i t h s t o o d  c o m p e t i t i o n  from m a i z e  (m mavs L.) and whea t  
( T r i t i c u m  a e s t i v u m  t.) i n  t o w n s  and c i t ies  (Munck e t  a 1  1982). Even i n  
t h o s e  r e g i o n s  w h e r e  sorghum and p e a r l  millet h a v e  been  t h e  t r a d i t i o n a l  
s t a p l e  g r a i n s  i n  t h e  p a s t  t h e r e  is a l r e a d y  a n  i n c r e a s i n g  t r e n d  i n  t h e  u s e  
of w h e a t  or r ice (Orvza sativa L.). The p r i c e  and t h e  " s t a t u s n  of sorghum 
and p e a r l  m i l l e t  c o n t r i b u t e  to  t h e  d e c l i n i n g  t rend  i n  t h e i r  u t i l i z a t i o n  a s  
food. Also, t h e  n o n a v a i l a b i l i t y  o f  foods i n  convenien t ly  packaged forms o r  
i n  r e s t a u r a n t s  c o n t r i b u t e s  t o  l o w  u t i l i z a t i o n  and a c c e p t a n c e  by m i d d l e  
income group, p a r t i c u l a r l y  i n  urban a reas .  The name "coarse" g r a i n s  does  
n o t  b e s t o w  any  a d v a n t a g e  e i t h e r ,  and it may f o s t e r  t h e  b e l i e f  t h a t  t h e y  
have t o o  much fiber t o  be s u i t a b l e .  
Consequently t h e s e  c e r e a l s  a r e  most ly  used a s  t r a d i t i o n a l  foods. They 
can be used i n  novel foods w i t h  s u i t a b l e  processing. To ga in  a c c e p t a b i l i t y ,  
t h e  g r a i n s  o f  improved H Y V s  s h o u l d  have  a n  a d v a n t a g e  o v e r  e x i s t i n g  
v a r i e t i e s  i n  bo th  y i e l d  and food qua l i ty .  Where sorghum y i e l d s  more than 
maize and wheat, i t  should be grown n o t  only f o r  feed b u t  a l s o  f o r  food, a s  
an a d j u n c t  t o  breweries ,  and p o s s i b l y  f o r  i n d u s t r i a l  production of products  
such a s  s t a r c h  (Hunck et  a 1  1982). With increased production, t h e r e  is an 
urgen t  need to  look f o r  a l t e r n a t i v e  u t i l i z a t i o n ,  including i n d u s t r i a l  uses.  
The p o t e n t i a l  and p o s s i b l e  g ra in -pracess ing  improvements and a l t e r n a t i v e  
uses o f  t h e s e  c e r e a l s  a r e  d i scussed  i n  t h i s  r e p o r t  
The g r a i n s  can be dehulled t o  remove t h e  coarse ,  f i b rous  outer  coat t o  
q i k e  t h e  product more appealing t o  consumers. Dehulling is done in Africa 
by hand pounding, which is laborious and t ime consuming. Several  types of 
d e h u l l e r s  have  been developed b u t  t hey  a r e  c o s t l y  and have n o t  become 
popu la r  among consumers.  Mechanical  d e h u l l i n g  s a v e s  t i m e ,  and l a r g e  
q u a n t i t i e s  o f  g r a i n  can be processed wi th  uniform and b e t t e r  qua l i ty .  
Sorghum and pea r l  m i l l e t  a r e  ground t o  f l o u r  and g r i t s  by dry  and wet 
mil l ing.  Dry mi l l i ng  can vary from simple grinding of whole g ra in  between 
s tones  t o  a  complex system using sophis t ica ted  r o l l e r  m i l l s .  Sorghum is 
h a r d e r  t h a n  whea t ,  is more d i f f i c u l t  t o  g r i n d ,  and y i e l d s  c o a r s e  f l o u r  
p a r t i c l e s  (Hoseney e t  a 1  1981). I t  may b e  p o s s i b l e  t o  s e l e c t  c u l t i v a r s  
w i t h  improved m i l l i n g  q u a l i t y .  I n f o r m a t i o n  on t h e  d r y  m i l l i n g  o f  t h e s e  
c e r e a l s  is  s c a n t y  and t h e  c u r r e n t l y  a v a i l a b l e  t echno logy  is inadequa te .  
Despi te  t h e  f a c t  t h a t  sorghum and m i l l e t  g r a in s  have p rope r t i e s  d i f f e r e n t  
t h a n  t h a t  o f  wheat ,  t h e  m i l l i n g  t echno logy  o f  wheat  c a n  be  e f f e c t i v e l y  
used f o r  gr inding  these  g ra in s  wi th  s u i t a b l e  modif icat ion,  such a s  t he  use 
o f  hammer m i l l s .  Grinding t o  a  f i n e  p a r t i c l e  s i z e  has been accomplished by 
using impact g r inde r s  (Str ingfel low and Peplinski  1966). Abdelrahman e t  a1 
(1983) have developed a  r o l l e r  m i l l  f o r  producing low f a t  g r i t s  from pearl  
m i l l e t .  I t  may be  u s e f u l  a s  a  s t a r t i n g  p o i n t  f o r  d e s i g n i n g  a  l a r g e s c a l e  
s y s t e m  f o r  u s e  i n  urban a r e a s .  I f  i n d u s t r i a l l y  m i l l e d  sorghum p roduc t s  
must compete wi th  wheat and maize products i n  urban a r eas ,  t he  white co lo r  
o f  t h e  product is e s s e n t i a l  f o r  accep tab i l i t y  (Munck e t  a1  1982). Adoption 
of  s u i t a b l e  mi l l i ng  technology can produce a  white f lour .  
The granulation of flour particles is important in blending sorghum or 
pearl millet  f lour with wheat flour for bread raking. Although bread can 
be baked from whole sorghum flour, the q*-ality of bread c&n be improved by 
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using fine sorghum flour without the bran fraction (Casier e t  a1 1977). To 
compare mi l l i ng  qua l i t y ,  ICRISAT studied on labora tory  mi l l ing  of 52 
sorghum and 23 pearl millet  cultivars. The distribution of starch damage 
content and protein content besides par t ic le  s ize  were recorded (Tables I 
and 11). I n  generz l ,  pear l  m i l l e t  produces more quant i ty  of f i n e  f l ou r  
f rac t ion .  Flour p a r t i c l e s  which passed through the 150 )~m s i e v e ,  ca l led  
the fine fraction based on the particle size showed appreciable variation 
and ranged from 35.716 t o  70.6% (mean, 60.2%) in  sorghum, and 60.6% t o  70.7% 
(mean, 66.116) iri pearl millet .  
Starch damage i n  sorghum flour varied from 9.8 t o  37.4% (Table I)  and 
i n  pearl mil le t  from 21.1 t o  28.616 (Table 11). The darr~aged starch content 
progressively increased from coarse p a r t i c l e s  t o  f i n e  p a r t i c l e s  in both 
sorghum and pear l  m i l l e t .  Starch damage values in  f i n e  f l ou r  p a r t i c l e s  
((150 pm) ranged from 12.0 t o  46.11 (mean, 26.3%) i n  sorghum, and from 22.9 
t o  36.6% (mean, 28.7%) i n  pearl millet. Starch damage in flour influences 
the abi l i ty  t o  absorb water and the quality of food depends on the extent 
of starch damage. Protein distribution in different flour fractions varied 
from 8.b t o  19.12 in sorghum, and from 9.6 t o  17.95 in pearl mil le t  (Tables 
I and XI). The coarse  f r a c t i o n s  contained higher l e v e l s  of protein,  
particularly in sorghum, which may be due to  the presence of outer 1-ayers 
of endospern, although the differences were not large among the fractions. 
The study suggests the existence of varietal variation i n  milling quality 
of these c e r e a l s  ground under s i m i l a r  conditions.  Thus c u l t i v a r s  can be 
used for different end uses, based on their  milling performance. Cultivars 
y i e l d i n g  h i g h e r  q u a n t i t i e s  of  t h e  f i n e  f r a c t i o n  and w i t h  low s t a r c h  damage 
c a n  b e  u s e f u l  for b lend ing  w i t h  wheat  f o r  producing b i s c u i t s  and cakes ,  and 
c u ? t i v a r s  y i e l d i n g  medium f i n e  f l o u r  w i t h  low s t a r c h  damage c a n  be used for 
b read .  
FIMD USES OF SDRC;HU)( AW PEARL HILLFf 
T r a d i t i o n a l  f o o d s  made f r o m  s o r g h u m  and  p e a r l  m i l l e t  a r e  p o r r i d g e ,  
g r u e l ,  b o i l e d  a n d  s t e a m e d  p r o d u c t s ,  f e r ~ e n t e d  l e a v e n e d  b r e a d  ( k i s r a ,  
i n i e r a ) ,  u n l e a v e n e d  b r e a d  (r7t.i. t o r t i l l a ) ,  f r i e d  p r o d u c t s ,  and s n a c k s .  
T h e s e  t r a d i t i o n a l  f o o d s  w i l l  c o n t i n u e  t o  b e  u s e d  by t h e  c o n s u m e r s  i n  
sorghum and millet growing r e g i o n s  of t h e  wor ld .  These  g r a i n s  can  a l s o  be 
used for o t h e r  new food p r o d u c t s  by u s i n g  a p p r o p r i a t e  p r o c e s s i n g  methods. 
P e a r l e d  s o r g h u m  r i ce  a n a l o g u e  h a s  r e a c h e d  t e s t  m a r k e t i n g  s t a g e  i n  t h e  
Sudan, Kenya, Botswana,  and I n d i a .  Var ious  o t h e r  p o s s i b i l i t i e s  e x i s t  and 
a r e  d e s c r i b e d  b r i e f l y  here.  
Bakery Products 
Sorghum and p e a r l  millet a r e  used i n  c o m p o s i t e  f l o u r s  ( w i t h  wheat)  f o r  
m a k i n g  b r e a d .  B l e n d i n g  u p  t o  1 0 %  o f  s o r g h u m  or p e a r l  mi l le t  f l o u r  w i t h  
w h e a t  f l o u r  d i d  n o t  m a r k e d l y  a f f e c t  t h e  b r e a d  q u a l i t y ,  and  b l e n d s  
c o n s i s t i n g  of 45% of e i t h e r  so rghum or p e a r l  m i l l e t  g a v e  a c c e p t a b l e  
b i s c u i t s  ( O l a t u n j i  e t  a 1  1982) .  The  f o o d  R e s e a r c h  C e n t r e  a t  Khar toum i n  
t h e  Sudan h a s  developed a technology to  u s e  u p  t o  20% sorghum i n  t h e  blend 
for b r e a d  mak ing .  S i m i l a r l y  t h e  I n s t i t u t  Technologic A l i m e n t a i r e  (ITA), 
Senega l ,  advocated  15% p e a r l  m i l l e t  i n  compos i t e  f l o u r s  (Pe r t en  1981). I n  
S e n e g a l ,  i n  June  1979, a millet bread c o n t a i n i n g  30% millet f l o u r  and 70% 
wheat  f l o u r  was commerc ia l ly  produced i n  two bake r i e s .  From J u l y  1979, i t  
became o b l i g a t o r y  t o  u s e  15% millet f l o u r  i n  Senega le se  bread made i n  Dakar 
a n @  C a p e  V e r t  r e g i o n  ( P e r t e n  1981) .  I n  t h e  c o m m e r c i a l i z a t i o n  of s o r g h u m  
f l o u r s ,  sorghum bread  is h i g h l y  a p p r e c i a t e d  by consumers  i n  t h e  Sudan. The 
b a k e r y  a t  Food Research  C e n t e r ,  Khartoum, p roduces  2500 b r e a d  l o a v e s  w i t h  
20% sorghum and 1500 t o  MOO buns  w i t h  15% sorghum d a i l y  (Anonymous 1981). 
U n l i k e  b r e a d ,  b i s c u i t s  h a v e  a l o n g  s h e l f - l i f e  t h a t  p e r m i t s  
m a n u f z z t u r i n g  a t  a c e n t r a l  p o i n t  a n d  d i s t r i b u t i o n  o v e r  l o n g  d i s t a n c e s  
(Belderock 1981). R i s c u i t s  made on a commerc ia l  s c a l e  o u t  of 100% sorghurn 
or millet f l o u r  a r e  crumbly  and have  a sandy mouth f e e l .  These  drawbacks  
c a n  be overcome by p a r t i a l  g e l a t i n i z a t i o n  or p a r t i a l  f e r m e n t a t i o n  of f l o u r s  
( B e l d e r a k  1981): B i s c u i t s  c a n  be made w i t h  a m i x t u r e  o f  sorghum and wheat  
flours i n  e q u a l  p r o p o r t i o n s  ( P e r t e n  1981). Use of sorghum and p e a r l  mi l le t  
f l o u r  f o r  making c o o k i e s  is p o s s i b l e  by b l end ing  it w i t h  wheat  f l o u r  (Badi 
and Hoseney 1977). 
Snack F d s  
P r o d u c t s  l i k e  (a s teamed p roduc t ) ,  dosa ( leavened p roduc t ) ,  and 
ponnanum ( s h a l l o w  f a t f r i e d )  a r e  b r e a k f a s t  f o o d s  f r o m  s o r g h u m  a n d  p e a r l  
millet  i n  some p a r t s  o f  I n d i a  (Subramanian and Jambunathan 1980). Extruded 
and s u n - d r i e d  p r o d u c t s  of rice have reached marke t s  i n  urban a r e a s .  A few 
i m p o r t a n t  e x t r u d e d  and sun-d r i ed  p r o d u c t s  f rom sorghum and p e a r l  mi l le t  a r e  
p a p a d ,  b a d i ,  and  k u r d i n a i ;  t h e s e  a r e  made i n  v i l l a g e s  ( S u b r a m a n i a n  and 
Jambunathan 1980). These p r o d u c t s  have a s h e l f  l i f e  o f  o v e r  1 year .  When 
f r i e d  i n  o i l ,  t h e y  s e r v e  a s  a c c e p t a b l e  snacks .  
Baby Foods 
Sorghum a n d  p e a r l  mi l l e t  a r e  commonly  u s e d  a s  a t h i n  p o r r i d g e  l i k e  
K& ( I n d i a ) ,  n a s h a  (Sudan) ,  and  roulce ( S e n e g a l )  for  b a b i e s .  S o u r  
p o r r i d g e s  a r e  t r a d i t i o n a l l y  used e s p e c i a l l y  for f e e d i n g  young c h i l d r e n  and 
o l d  p e o p l e  (Alnwick  1986). However, t h e  w e a n i n g  f o o d s  have  low n u t r i e n t  
d e n s i t y  owing t o  t h e i r  b i s h  water  con ten t .  Use o f  n u t r . i t i o u s  g r a i n s  w i i l  
b e  $ d v a n t a g t o u s ,  and  i t  is i m p o r t a n t  t o  i n c o r p o r a t e  s u c h  t r a i t s  w h i l e  
d e v e l o p i n g  new c r o p  v a r i e t i e s  i n  a b r e e d i n g  p rogram.  We h a v e  s c r e e n e d  
s e v e r a l  t h o u s a n d s  w o r l d  ge rmplasm a c c e s s i o n s  f o r  p r o t e i n  and l y s i n e  
con ten t s .  A few l i n e s  having high p r o t e i n  (>14.O%) and h igh  l y s i n e  (>3.0) 
c o n t e n t s  have been i d e n t i f i e d .  These l i n e s  could be  used f o r  incorpora t ing  
p r o t e i n  q u a l i t y  i n t o  breeding l i n e s ,  wi thou t  a d v e r s e l y  a f f e c t i n g  t h e  g r a i n  
y ie ld .  Waxy sorgtiums a r e  e x t e n s i v e l y  used i n  China, Zimbabwe, and o t h e r  
c o u n t r i e s ;  more in fo rmat ion  is needed on t h e  u t i l i z a t i o n  o f  waxy l i n e s .  
P o p s ,  Flakes, a n d ' l o o d l e s  
Sorghum is a l s o  popped and used a s  a s n a c k  i n  v i l l a g e s  I n  I n d i a .  I n  
gerreral ,  pop sorghum possesses  a s m a l l  g r a i n  s i z e ,  medium t h i c k  pe r ica rp ,  
and hard endosperm w i t h  a very low germ/endosperm r a t i o .  Sorghum pops can 
b e  u s e d  s i m i i a r  t o  popcorn.  Some c u l t i v a r s  o f  p e a r l  mi i l e t  c a n  a i s o  
produce good pops. F lakes  and noodles  f r o &  millet f l o u r  o r  a mix tu re  of  
millet and legume f l o u r  a r e  extremely p a l a t a b l e  (Desikachar 1975). Qua l i ty  
s t a n d a r d s  a r e  a v a i l a b l e  f o r  whea t  f o r  u s e  i n  s p e c i f i c  f o o d s .  Such 
s t a n d a r d s  need  t o  be d e v e l o p e d  for sorghum and p e a r l  mi l le t ,  and 
s p e c i f i c a t i o n s  have to be ind ica ted  f o r  u s e  o f  a p a r t i c u l a r  food. 
SCOPE FOR IIQIJSTUL UI'IUZATION 
Though sorghum and p e a r l  millet have t h e  necessa ry  p o t e n t i a l  a s  raw 
m a t e r i a l  f o r  i n d u s t r i a l  u s e s ,  p r e s e n t l y  t h e y  d o  n o t  c o m p e t e  w i t h  maize .  
However,  t h r o u g h  a g r e b a s e d  i n d u s t r i e s  i n  v i l l a g e s  i t  may b e  f e a s i b l e  t o  
a d a p t  them f o r  i n d u s t r i a l  u s e s .  Anderson (1969)  r e p o r t e d  t h a t  s o r g h u n  
f l o u r  h a s  v a r i e d  u s e s ,  s u c h  a s  i n  b a k e r y  p r o d u c t s ,  e x t e n d e r s  i n  mea t  and 
a l s o  s e v e r a l  b r e a k f a s t  f o o d s ,  and a s  snack  foods .  Numerous i n d u s t r i a l  
a p p l i c a t i o n s  o f  sorghum f l o u r s  l i k e  u s e  i n  aluminum o r e  p r o c e s s i n g ,  
manufacture o f  bu i ld ing  ma te r i a l s ,  such a s  gypsum board and c e i l i n g  tiles, 
and a s  foundry c o r e  binders ,  and molding sand a d d i t i v e s  have been reported 
(Anderson 1969). F u r t h e r ,  g e l a t i n i z e d  sorghum f l o u r s  a r e  used  a s  f l u i d  
l o s s - c o n t r o l  a g e n t s  i n  oil-well d r i l l i n g  (Anderson 1969). Due t o  t h e  
s i m i l a r i t y  o f  s e v e r a l  p r o p e r t i e s  o f  p e a r l  mi l l e t  w i t h  t h o s e  o f  sorghum, 
such  u s e s  f o r  p e a r l  mi l l e t  may a l s o  b e  e x p l o r e d .  Of t h e  s e v e r a l  
p o s s i b i l i t i e s  t h a t  exist for i n d u s t r i a l  u s e s  o f  t h e s e  g r a i n s ,  a f e u  
important  p o t e n t i a l  a r ea s  a r e  s t a r c h  pi.oduc t ion,  2lcc;hol i c  beverages, and 
animal  feeds. 
Starch Production 
P r e s e n t l y  ma ize  is t h e  ma jo r  s o u r c e  o f  raw m a t e r i a l  f o r  s t a r c h  
indus t ry  i n  t h e  world (Anonymous 1985). Sorghum, pea r l  m i l l e t ,  and maize 
s t a r c h e s  a r e  s i m i l a r  i n  s e v e r a l  phys i cochemica l  c h a r a c t e r i s t i c s  (Tab le  
111). If s t a r c h e s  from some H Y V s  and h y b r i d s  o f  sorghum a r e  s i m i l a r  t o  
maize ,  t h e n  t h e y  c a n  be  u t i l i z e d  f o r  s t a r c h  p roduc t ion  w i t h  s u i t a b l e  
m o d i f i c a t i o n s .  Sorghum g r a i n  f i b e r  a p p e a r s  t o  b e  d i f f e r e n t  from maize ,  
which may i n t e r f e r e  w i t h  t h e  f i l t e r i n g  mechanism. There  is a need t o  
improve  t h e  y i e l d  and q u a l i t y  o f  sorghum s t a r c h  f o r  i n d u s t r i a l  use.  The 
main drawback i n  p e a r l  millet may be  its sma l l e r  g r a i n  s i z e ,  which makes it 
d i f f i c u l t  t o  w e t  m i l l  e f f e c t i v e l y  t o  r e c o v e r  s t a r c h .  S t a r c h  y i e l d  from 
p e a r l  millet was lower than t h e  y i e l d s  obtained wi th  corn o r  sorghum, but  
p e a r l  m i l l e t  s t a r c h e s  contained tw ice  a s  much pro te in  a s  corn and sorghum 
s t a r c h e s  (Freeman and Bocan 19731, which is a disdvantage. S t a r ch  granule  
s ize  is s m a l l e r  i n  p e a r l  m i l l e t  t h a n  i n  ma ize  and sorghum. Y ie ld  and 
composition o f  byprodwts ,  such a s  g lu t en ,  squeegee, and o the r  f r ac t i ons  
f tom the  m i l l e t  gra ins ,  were essen t i a l ly  the  same f rom those corresponding 
f r a c t i o n s  o f  maize and sorghum. S u i t a b l e  m o d i f i c a t i o n s  a t  e x t r a c t i o n  
p l a n t s  f o r  t h e  product ion o f  s t a r c h  from t h e s e  g r a i n s  a r e  p o s s i b l e ,  and 
* 
t h i s  may lead t o  t h e i r  u t i l i z a t i o n  i n  production of  o ther  commodities, such 
as  g l u c o s e  and a lcoho l .  There is a need t o  i d e n t i f y  t h e  i n d u s t r i e s  t h a t  
a r e  in teres ted  i n  s t a rch  production from these cereals ,  and the economics 
of such s t a rch  production needs t o  be compared with t h a t  of  maize for  long- 
term use. 
Alcoho l i c  Beverages 
Sorghum and pear l  m i l l e t  gra ins  a r e  malted and used for production of 
t r a d i t i o n a l  fermented beverages in  several  countr ies  in  Africa. In South 
Africa, sorghum beer is commonly produced. In  the  USA and Mexico, sorghum 
g r i t s  were used a s  adjuncts fo r  making lager beers (Hahn and Stewart 1965, 
Pyler and Thomas 1986). Sorghum brewers g r i t s  can be used t o  produce beer 
f i l l y  equivalent t o  t h a t  made with other cereal-brewing adjuncts, yielding 
beer  o f  good f l a v o r ,  composi t ion,  and s t a b i l i t y  (Hahn and S t e w a r t  1965). 
Dhami j a  and Singh (1978) repor ted  t h a t  35% and 25% p e a r l  m i l l e t  a s  ma l t  
adjuncts with barley resulted i n  a beer t h a t  was comparable analytically 
and organoleptically t o  commercial beer. I n  Nigeria, sorghums have been 
tes ted  a s  a barley malt subs t i tu te  f o r  producing beer (Obilana 1985). Beer 
h a s  been produced s u c c e s s f u l l y  by blending equa l  amounts o f  sorghum and 
ba r ley .  Lager bee r  was brewed from sorghum m a l t  us ing t h e  three-s tage  
d e c o c t i o n  method and 30% sucrose  a s  a d j u n c t  (Okafor and Aniche 1987). 
Physical and chemical propert ies of the  beer a s  well a s  organoleptic t e s t s  
showed t h a t  it was very s imi la r  t o  barley beer. 
Grain qual i ty  of  sorghum and pearl  m i l l e t  has t o  be improved for t h e i r  
use i n  beer production. Two of  the most important grain characters in t h i s  
respect  a r e  good germination capacity and high d i a s t a t i c  ac t iv i ty .  Pal e t  
a 1  i81976) repor ted  t h a t  b a r l e y  and p e a r l  m i l l e t  m a l t s  had comparable 
a m y l o l y t i c  a s  w e l l  a s  p r o t e o l y t i c  a c t i v i t i e s  and only minor d i f f e r e n c e s  
e x i s t e d .  Singh and Tauro (19771, however, r epor ted  t h a t  p e a r l  m i l e t  had 
low amylolytic a c t i v i t y  a s  compared t o  barley. Halt  from pearl  mi l l e t  is 
b i t t e r  i n  t a s t e .  We eva lua ted  t h e  d i a s t a t i c  a c t i v i t y  i n  96-h germinated 
sorghum g r a i n s  o f  8 c u l t i v a r s  (Table 1';:. Var ia t ions  have been observed 
among the  cu l t iva r s  for  d i a s t a t i c  a c t i v i t y  and malting loss.  Studies t o  
induce more dias tase  a c t i v i t y  in  grains hav? Lo be attempted, but t h i s  may 
l ead  t o  a t r a d e o f f  on mal t ing  l o s s e s .  Alco:lol a l s o  can be produced w i t h  
s u i t a b i e  processing modifications, and sorghum may have good potential  i n  
t h e  industry.  
Animal Feeds 
Though most of  the sorghum and pearl m i l l e t  produced is presently used 
f o r  human consumption, i t  may become ev iden t  when s t o r a g e  becomes 
uneconomical w i t h  s u r p l u s  s t o c k  t h a t ,  use  o f  these  g r a i n s  a s  feed f o r  
a n i m a l s  and p o u l t r y  has t o  be  examined. Hale (1970) i n d i c a t e d  t h a t  some 
form of grinding c r  processing of sorghum is essent ia l  t o  m?ke grains more 
d i g e s t i b l e  f o r  most of  t h e  animals .  Processes  l i k e  s t eam-ro l l ing ,  and 
pressure-cooked flaking, expansion-extrusion, popping, and micronizing have 
been adopted fo r  sorghum gra ins  f o r  use a s  animal feed (Hulse e t  a1 1980). 
White-grained t y p e s  i n  I n d i a  do  no t  have t ann ins  and t h u s  may w e l l  be 
a c c e p t a b l e  a s  animal  feed. Sorghum g r a i n s  w i t h  low tann in  can rep lace  
maize i n  p o u l t r y  d i e t s  w i t h o u t  any adverse  e f f e c t  on t h e i r  performance 
(Thakur e t  a1  1987). For c a t t l e ,  feeding of  processed sorghum g r a i n  has  
been found s u p e r i o r  to  unprocessed g r a i n .  For  f e e d i n g  to s w i n e ,  sorghum- 
based r a t i o n s  s h c u l d  be  w e l l  balanced i n  terms o f  amino a c i d s ,  minera l s ,  
and v i t s m i n s .  It  is t h u s  c l e a r  t h a t  sorghum can  r e p l a c e  uoa ize  comp:etely 
or p a r , t i a l l y  i n  a n i m a l  feeds, depending upon t h e  v a r i e t y  used (Thakur et el  
1987). F o d d e r  a n d  g r a i n s  u s e d  a s  f e e d  f o r  a n i m a l s  a r e  a l s o  becoming 
i n c r e a s i n g l y  expensive;  sorghum and probably p e a r l  m i l l e t  c a n  s u b s t i t u t e  as 
n u t r i t i o u s  animal  feed. 
P r o d u c t i o n  of s u g a r ,  s y r u p ,  and  a l c o h o l  from sorghum s t a l k s  is w e l l  
known. ICRISAT h a s  i d e n t i f i e d  s e v e r a l  sweet sorghum l i n e s  and t h e s e  a r e  
be ing  used i n  some n a t i o n a l  programs. A f e w  l i n e s  have h i g h  concen t ra t ion  
of s u g a r s  i n  t he i r  stems (Subramanian et a1 1987). There is good p o t e n t i a l  
t o  u s e  t h e s e  l i n e s  f o r  j a g g e r y ,  s y r u p ,  and a l c o h o l  p r o d u c t i o n .  The s y r u p  
may have a  good market  i n  t h e  s o f t  d r i n k  indus t ry .  E f f o r t s  c a n  be made t o  
d e v e l o p  h i g h e r  b i o m a s s  y i e l d  i n  s o r g h u m ,  w h i c h  w i l l  be u s e f u l  as  a 
l i v e s t o c k  and a s  a  s o u r c e  o f  f i b e r  i n  t h e  p a p e r  and other  c h e r . i c a 1  
i n d u s t r i e s .  
CONCULSIONS 
Sorghum a n d  p e a r l  millet p r o d u c t i o n  w i l l  b e  h i g h  i n  t h e  f u t u r e ,  
demanding  v a r i o u s  t e c h n o l o g i c a l  p r o c e s s e s  f o r  i n c r e a s e d  u t i l i z a t i o n .  By 
adop t ing  improved p rocess ing  methds ,  t h e  p o t e n t i a l  exists t o  adapt  t h e s e  
g r a i n s  for d i f f e r e n t  end uses .  These g r a i n s  can  be  used i n  bakery products  
and s n a c k  f o o d s .  T h e r e  exists s c o p e  f o r  i n d u s t r i a l  u t i l i z a t i o n ,  s u c h  a s  
f o r  s t a r c h  and beer p r o d u c t i o n .  However,  i t  is i m p o r t a n t  t o  look a t  t h e  
c o m p e t i t i v e  p r i c e  s t r u c t u r e  of sorghum and p e a r l  m i l l e t  i n  r e l a t i o n  t o  
wheat,  maize ,  and rice, t e a u s e  government subs idy  may make r i c e  and wheat 
cheaper  i n  somc ins tances .  T h i s  p o l i c y  a f f - t s  t h e  u t i l i z a t i o n  o f  sorghum 
and p e a r l  millet, and f a r m e r s  may n o t  b e  e n t h u s i a s t i c  about  growing sorghum 
and p e a r l  millet u n l e s s  encouragement is g iveF  to  them i n  a t a n g i b l e  way. 
C o o p e r a t i v e  and  m u l t i d i s c i p l i n a r y  p r o g r a m s  need t o  b e  d e v e l o p e d ,  
s 
invo lv ing  p l a n t  b reeders ,  food t e c h n o l a i s t s ,  b iochemis t s ,  socioeconomists,  
home e c o n o m i s t s ,  and i n d u s t r i s l i s t s .  A J o i n t ,  c o n c e r t e d ,  a n d  s u s t a i n e d  
effort is requ i red  for rap id  p r c g r e s s  i n  t h e s e  a reas .  
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, TABLE I 
Distribution o f  Particle Size ,  Starch Damage, and Protein Content in Flour 
Fractions of Sorghum cultivarsa. 
Particles Flour Starch damage in Protein in 
retained fractions ($1 flour fractions ($1 flour fractions (5) 
on sieve - - - - - - -  --- - ------I-----__ 
P" Range Mean SE+ Range Mean SE+ Range Mean SE+ 
Whole 
flour 
%=52; Grains were ground in UDY m i l l .  
TABLE I1 
Distribution o f  Part ic le  Size,  Satarch Damage, and Protein Content in Flour 
, Fractions of Pearl Millet cultivatsa. 
Particles Flour Starch damage i n  Protein in 
retained fractions (%I flour fractions ($1 flour fractions (%) 
on sieve ------ -------- --------- 
P" Range Hean SEA Range Mean SEk Range Hean SE+ 
Whole 
flour 
%23; Grains were ground in UDY m i l l .  
TABLE 111 
Caparison of Starches Fran Sorghun, Pearl Millet, and Maize Gralns. 
Sorghun Pearl millet Ha i ze 
(n=ll) (n=12) (n=5) 
Starch in grain (S) 
Amylose in starch (2) 
Gelatinization temp. (OC) 
Swelling power at 
70°c 
90°c 
Solubility (2) at 
70°c 
90°c 
Inherent viscosity (3 
a Source : Hedcalf (1973) 
TABLE IV 
Diastatic  hc t iv i ty  and Halting lrrss i n  %-h germinated 
-hum crainse 
Cultivar Origin SDU g'l Malting lbss (%I 
Red Swazi Zimbabwe 
Dobbs Uganda 
WS 1297 Ethiopia 52.5 10.0 
SAR 1 ICRISAT, India 13.2 
SPV 386 ICRISAT, India 36.0 
Framida ICHISAT. Burkina Faso 41.7 
I S  7055 Sudan 44.3 
I S  14384 Zimbabwe 35.3 
%rains were geminated i n  the dark at  30%. with 302 re lat ive  
humidity. SDU = Sorghum diastat ic  uni ts  act iv i ty .  
